Asynchronous polars (APs) are accreting white dwarfs (WDs) that have different WD and orbital angular velocities, unlike the rest of the known polars, which rotate synchronously (i.e., their WD and orbital angular velocities are the same). Past nova eruptions are the predicted cause of the asynchronicity, in part due to the fact that one of the APs, V1500 Cyg, was observed to undergo a nova eruption in 1975. We used the Southern African Large Telescope 10m class telescope and the MDM 2.4m Hiltner telescope to search for nova shells around three of the remaining four APs (V1432 Aql, BY Cam, and CD Ind) as well as one Intermediate Polar with a high asynchronicity (EX Hya). We found no evidence of nova shells in any of our images. We therefore cannot say that any of the systems besides V1500 Cyg had nova eruptions, but because not all post-nova systems have detectable shells, we also cannot exclude the possibility of a nova eruption occurring in any of these systems and knocking the rotation out of sync.
INTRODUCTION
Polars are accreting white dwarf (WD) binaries characterized by the presence of a strong magnetic field (∼ 7 − 230 MG; Ferrario et al. 2015) , which prevents the formation of an accretion disc and instead channels the accreted material directly on to the poles of the WD. In most polars, the measured WD and orbital angular velocities are found to be identical. For a handful of systems, however, the WD rotates asynchronously, so that those two velocity values differ significantly. The five known asynchronous polars (APs) are V1432 Aql (RXJ 1940-10) , BY Cam, V1500 Cyg, CD Ind (RXJ 2115-58) , and Paloma (RX J0524+42) (Campbell & Schwope 1999; Schwarz et al. 2004) . EX Hya is an Intermediate Polar (IP), with a magnetic field of ∼1 MG and an accretion disc that has been observed to have dwarf nova outbursts, which also has a very high asynchronicity (Hellier 1996) , and was included in this study as well.
The cause of this asynchronicity is theorized to be a nova eruption: accreted hydrogen builds up on the surface of the WD until reaching a critical temperature/pressure and igniting a thermonuclear runaway in the accreted layer, the ejection of which causes the WD to spin with a higher angular velocity than before the nova (Campbell & Schwope 1999) . V1500 Cyg (Nova Cyg 1975) was observed to be an AP after its nova eruption, lending support to this theory, although its pre-eruption status is unknown. BY Cam, V1500 Cyg, and CD Ind all have a positive ω/Ω, where ω is the synodic angular velocity of the WD primary and Ω is the orbital angular velocity. ω/Ω is then a measurement of the asynchronicity of the system. Another way to measure asynchronicity is by looking E-mail: pagnotta@amnh.org at the percent difference between the periods, defined as P orb −P spin P orb , where P orb is the orbital period of the binary system and P spin is the spin period of the WD. The percent difference and ω/Ω, along with other general properties, are listed in Table 1 for each system. BY Cam, V1500 Cyg, CD Ind, and Paloma all have positive percent differences, although they range over approximately one and a half orders of magnitude. V1432 Aql, however, is under-synchronous, with a negative ω/Ω and percent difference, which may indicate a different formation mechanism, although at this point the details of the theory are poorly understood in general, and particularly when it comes to explaining how to obtain an under-synchronous AP.
These systems do not remain asynchronous indefinitely; instead, they likely start returning to a synchronous state quickly after being knocked out of sync. Models of this process vary, leading to a range of estimates for the time needed to return to synchronization (t sync ) for each system, also listed in Table 1 . BY Cam has the largest range, with t sync estimates ranging from 250 ± 20 yr ) to >3500 yr (Honeycutt & Kafka 2005) .
With t sync estimated to be just a few hundreds of years for most APs, and the postulate that the asynchronicity was originally caused by a nova eruption, it is reasonable to search for nova shells around the systems and expect to find something. Detection of such a shell would eventually allow for an estimate of the date of the nova that caused the asynchronicity and thus provide another constraint on the resynchronization time-scales as well as a further clue to the cause of the asynchronicity in the first place. Sahman et al. (2015) For all targets, the usable individual images were processed using the usual reduction steps in PyRAF and then summed using imcombine to obtain the greatest possible signal for each target. Compared to the observations from Sahman et al. (2015) , we are able to go deeper on V1432 Aql and search a larger field of view for both V1432 Aql and BY Cam. The left-side images in Figures  1 to 4 show the stacked images for each system observed; no indications of any shells can be seen. To highlight any faint edges in the images and thus more thoroughly search for shells or shell fragments, we unsharp masked each combined image. The unsharpened versions are shown in the right side images of Figures 1 to 4. None of the systems observed show visual evidence for a nova shell at any observed distance from the target star.
DISCUSSION
Following a nova eruption, the ejected shell will expand until it dissipates into the circumstellar medium. From Table 3 of Pagnotta & Schaefer (2014) , which collects observed nova characteristics, the average expansion velocity of a classical nova is 1800 km s −1 . Assuming this expansion velocity for any prior nova eruptions in the systems we observed, and considering the resolution of the detectors and the site conditions, we can calculate the size and age of all possible detectable shells. The distances used for each calculation are listed in Table 1 . A certain number of years after an eruption, the shell will have expanded enough that it will be distinct from the image of the nova itself on the image (accounting for seeing, binning, and instrument effects), and first detectable in its smallest state. For each system, we assume the shell must be at least 5 pixels away from the star to be seen on the image; the minimum detectable shell sizes and ages are listed in Table 2 . For all of the systems we observed, shells from very recent novae can be expected to be seen, within the past two years for most of them. As the shell expands, eventually it will reach the edge of the field of view of the CCD. Since no dithering patterns were employed in our observations, we assume the total observed field corresponds to the full, unvignetted size of the instrument/chip, with the target system located at the centre. Using triangle geometry, we can calculate the physical shell size and thus the possible age, which then gives us a date back to which we can assume we may have seen a shell if the nova had erupted that recently and produced an observable shell.
For each system we calculate the shell sizes and ages assuming (a) constant expansion velocity, and (b) an expansion velocity that decelerates as described in Duerbeck (1987) , which gives a mean half-lifetime of the velocities of 75 yr. From the Duerbeck paper, we can construct an exponential decay equation for the velocity over time:
Taking the indefinite integral of Equation 1 and solving for the integration constant given that r(t = 0) = 0 gives r(t) = −6.15 × 10 12 e −0.009·t + 6.15 × 10 12 km.
To calculate how long it would take the decelerating shell to reach the edge of our fields of view, we need time as a function of radius, so we rearrange Equation 2 to obtain t(r) = −1 0.009 ln 1 − r 6.15 × 10 12 yr.
The amount of time necessary to observe the shells at their smallest sizes is the same for both cases (a) and (b), because it is such a short amount of time that no significant deceleration can have occurred on a level that we would be able to detect. Deceleration, however, does change the largest possible shell ages, increasing the amount of time we can expect to see the shell after the eruption, or essentially how far back in time we would be able to detect an eruption, because it takes longer for the shell to expand beyond the field of view if it is decelerating. If we take the Duerbeck (1987) formulation at face value, we notice that the radius of the shell has an asymptote at r = 6.15 × 10 12 km. In some cases, the fields of view of our images are larger than this, so theoretically we could say that we would see all possible nova shells from an infinite amount of time in the past, however this is clearly unphysical, because we have observed at least two nova shells that are larger than the r = 6.15 × 10 12 km limit. AT Cnc and Z Cam, two dwarf novae with ancient nova shells (Shara et al. 2007 (Shara et al. , 2012a , have shells with measured radii of 6.19 × 10 12 km and 2.15 × 10 13 km. The Duerbeck (1987) result was empirically determined using observations of just four novae, so it is not altogether surprising that it is not universally applicable, but nevertheless it is a good first-order approximation of what we can expect, at least for the first 75 yr after a nova eruption. There is likely a strong dependence on the local circum-and inter-stellar medium, but measuring and modelling that is beyond the scope of this paper. For the cases in which our fields of view are larger than the r = 6.15 × 10 12 km asymptote, we can say only that we can see shells further back in time than in the no deceleration case, but cannot put a firm upper limit on the timeframe.
For V1432 Aql, we can rule out nova shells from eruptions that happened up to 118 or 145 yr ago in the constant expansion velocity case, depending on which distance measurement we use (187 or 230 pc, respectively; Ak et al. 2008; Barlow et al. 2006) . Accounting for the deceleration of the shell, for both distances, we have cases where the field of view is larger than the asymptote, so we can say that 118 and 145 yr are lower limits. For CD Ind, there are no shells detected from eruptions up to 59 yr ago in the constant velocity case, and 86 yr ago with a decelerating shell. EX Hya, the closest of our systems and the only non-AP, does not show shells from eruptions up to 35 yr ago or 43 yr ago, for constant and decelerating shell velocities, respectively. For BY Cam, with the caveat that the image is shallow, in the constant expansion velocity situation we rule out shells from eruptions that occurred as far back as 82 to 300 yr ago, again depending on the distance adopted (52 or 190 pc; Ak et al. 2008; Barlow et al. 2006) . If the shell decelerates as described above, we can rule out shells from eruptions dating back to anywhere from 154 to <300 yr ago. These time constraints are listed for each system in Table 2 .
Additionally, we were able to check whether the APs have large-scale ultraviolet-bright shells, similar to those found around Z Cam (Shara et al. 2007 ) and AT Cancri (Shara et al. 2012a ). We searched the GALEX archive and found all but V1500 Cyg have images in both the FUV and NUV bands (135.0-175.0 nm and 175.0-280.0 nm, respectively). No shell is visible on any scale for any of the targets. The point spread function of GALEX is ∼6 and confirms the Hα non-detections on scales larger than this.
It is critical to remember that the lack of a nova shell does not equate to the lack of a nova eruption. Wade (1990) provides one of the first statistical looks at how many shells have been detected around classical novae, reporting that 26 of the approximately 200 known at the time had resolved remnants. Downes & Duerbeck (2000) did a survey of 30 recent, relatively nearby novae and found 14 shells using a combination of ground-and space-based imaging, giving a 47% detection rate, although we note that this may be different from the actual shell formation rate. There are many reasons a shell may not be observed around a nova after its eruption even if it has formed: the amount of mass ejected might be so small that the shell density is low and the shell is undetectable even shortly after the eruption; or, enough time has passed since the eruption that, as the shell has expanded, its density and therefore surface brightness have decreased, making it too faint to detect; or, the shell might have expanded so quickly that it is larger than the field of view of the image.
There is another possibility for finding old nova eruptions in these systems: one can check through the major astronomical plate archives, namely those at the Harvard College Observatory in Cambridge, MA, and the Sonneberg Observatory in Sonneberg, Germany. There are scanning operations underway at both archives, which will allow for a quick check of the past behaviour of each of these objects once the fields are scanned and released. Although the Harvard operation, DASCH (Grindlay et al. 2012) , has entered production scanning mode, it will likely be at least a few more years before all of the AP fields are scanned and available. Sonneberg is also scanning its plates, however they are not readily accessible offsite. Additionally, for a fully complete eruption search, it is recommended that the plates be examined by hand for evidence of eruption, especially in crowded fields, because it is possible that the eruption is only captured on one plate, and if for whatever reason that plate is not properly solved by the software pipeline, it will not be included in the digitized light curve results and the eruption will be missed. Although this method of searching for eruptions in archival plates only covers the last ∼120 yr, it is still a valuable resource in the attempt to find previous eruptions, and allows for the possibility of finding nova eruptions in systems that did not form detectable shells.
With no shell detections in our images, we cannot prove that any of the systems in our study-the three APs V1432 Aql, BY Cam, and CD Ind, and the IP EX Hya-had nova eruptions in the recent past that caused their asynchronicity today; we also cannot conclude that they did not have nova eruptions. It is possible that they erupted recently and the shells are fainter than our observations, for any of the possible reasons discussed above. In this case, deeper imaging, especially for BY Cam, is advised. It is also possible that the eruptions were further in the past than expected (i.e. our understanding of the models used to obtain t sync are incorrect), especially for BY Cam, with its possible synchronization time of >3500 yr (Honeycutt & Kafka 2005) , which indicates that wider fields of view are recommended. The obvious potential solution to both of these problems is the never-ending wish of the observational astronomer: more, better data. To quote directly from Wade (1990) , "There are few branches of astrophysics where the old refrain, 'More observations are needed!', is more applicable than to the study of resolved nebular remnants of classical novae." Deeper, higher-resolution exposures would allow us to search for fainter shells, and wider fields of view or well-designed dithering patterns would allow us to see a larger area around the central binary and therefore detect older, further nova shells, if they in fact exist. North is up, East is to the left, and the length of the directional arrows corresponds to 1 on the figure. The full field of view is 8 in diameter, and the lighter stripe in the middle of the image is due to the gap between the two SALTICAM chips. CD Ind is marked on the figure, and no shells or shell fragments are visible in the image. Right: The unsharp masked image of CD Ind shown here was processed using the same steps described in the caption for Figure 1 . Again, it does not show any shells or shell fragments.
